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VARIABLE-RATIO TRANSMISSION DEVICE 



The present invention refers to the field of motion 
transmission Jcinematisms, particularly for vehicles, and 
deals, more particularly, with a variable-ratio 
transmission device that operates continuously, 
comprising a support with a circular series of teeth or 
rollers that rotates around 'a slanted axis, in order to 
perform an orbital motion, and meshes with a crown with 
teeth that are parallel to the axis. 

In turn, the crown can directly actuate a user such 
as, for example, a velocipede hub or, according to a 
preferred embodiment of the invention, from its opposite 
part the crown can have a second series of teeth that 
mesh with a' circular series of rollers, in turn assembled 
on a support with slanted axis that is able to perform an 
orbital movement, said second support being connected to 
a user. 

The system provides for means adapted to axially 
slide said roller supports, in order to corttinously 
change the reduction ratio. 

A transmission device is thereby obtained that is 
composed of a stepless speed change gear, with a ratio 
among speeds that is continuously variable within an 
extremely wide range. 

As known, it would be highly useful to be able to 
have available, in vehicles, a transmission with 
continuously changing ratio, both for a more comfortable 
and soft driving, and to be able to better exploit the 
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engine characteristics that, as is well known, provides 
an optimum efficiency for a well defined rotation speed. 

Different types of transmission are known and 
comprise stepless speed change gears, but these are 
systems that are excessively encumbrant and cumbersome 
and that are adapted only for certain types of vehicles 
but cannot be assembled, for example, on velocipedes such 
as bicycles, motorcycles or the like. 

The present invention belongs to this sector and 
proposes a ' " continuously variable-ratio transmission 
device; as claimed in Claim 1, that can find a wide" range 
of applications, also due to the fact that its speed can 
be' changed within an* extremely wide range 'and that, due 
to its characteristics, is particularly adapted to be 
used also as applied to velocipedes, such, as bicycles, 
motorcycles, or, made of plastics or other light-weight 
and sturdy material, to white goods or cutting machines, 
or the like. 

The arrangement of the device according ' ' to the 
invention is such as to allow easily inserting it within 
an hub of a motorcycle wheel. The description that 
follows refers, only as a mere example, to the specific 
case of a transmission device for velocipedes such as 
bicycles or motorcycles, but it is clear that the same 
inventive idea can be validly applied also to different 
fields and that the scope is not limited by the specific 
case as described, but extends to all pieces of equipment 
and vehicles that adopt this transmission device. 

The present invention will now be described in 
detail, as a non-limiting example, with reference to the 
enclosed drawings, in which: 

- Figure 1 schematically sectionally shows a first 
embodiment of a transmission device according to the 
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invention; 

- Figure 2 schematically sectionally shows a further 
preferred embodiment of the transmission device according 
to the invention. 

With reference to Figure 1, reference 1 points out a 
fixed shaft, that can for example be the shaft of the 
driving wheel of a velocipede, on which the transmission 
device according to the invention is assembled. 

The shaft 1 is grooved and an hollow shaft 2 is 
assembled thereon and can axially slide with respect to 
the shaft 1 . 

The hollow shaft 2" position can be changed for 
example by means of a ring nut 3 or another known system, 
for example by means of mechanisms with worm screws, or 
with electronic circuit control. 

A pair of hollow shafts 5 and 5' are assembled onto 
the shaft 2 , by interposing bearings , bushings or the 
like, referenced with 4, 

The shaft 5 is the motion inlet shaft and in case of 
a transmission for velocipedes is stiffly connected to a 
pinion or a toothed crown 6 that is moved by the chain. 

The hollow shaft 5' instead is connected, as will be 
described below, to the wheel hub, referenced by number 
7. 

The external surface of the shaft 5 is worked in 
order to define, at least for a certain length, a 
cylindrical surface with slanted axis B-B with respect to 
axis A-A of the support shaft 1. 

In practice, following the rotation of the hollow 
shaft 5 around axis A-A, axis B-B of the slanted length 
describes a tapered sufrace with its vertex on axis A-A. 

On the shaft 5, next to the length with slanted 
axis, a support 9 is assembled, by interposing bearings 
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or bushings 8, such support 9 being substantially 
composed of a disk or a wheel that has, perimetrally, a 
plurality of teeth or rollers 10 whose axis rests on a 
plane that is parallel with the support 9 plane. 

The rollers 10 are provided to be engaged with the 
toothing 11 of a wheel 12 assembled idle on a support 13 
that is integral with the wheel hub 7. 

Bearings or bushings 14 allow the wheel 12 to freely 
rotate with respect to its own support. 

A ring 15 is hinged, through a pair of diametrally 
opposite pins 16, to the support 9 of the rollers 10. It 
is therefore possible to rotate the ring 15 relative to 
the support 9, around a first axis that is substantially 
parallel to the plane of said support 9. 

In turn, the ring 15 is hinged, through two 
diametrally opposite pins that are offset by about 90° 
with respect to pins 16, to an external ring 17 that is 
part of a free-wheeled device that is integral with the 
internal surface of the hub 7. 

The rings 15 and 17 consequently make a sort of 
cardan joint that allows the support 9 of the rollers 10 
to rotate with respect to the ring 11 around a first axis 
and with respect to the ring 17 around a second axis that 
is orthogonal with the previous axis. 

In practice, due to these chances of movement around 
two orthogonal axes, the support 9 can perform an orbital 
movement, taking in succession the rollers 10 to engage 
the teeth 11 of the wheel 12. 

The number of rollers 10 on the support 9 is 
different from the number of teeth 11 of the wheel 12 
that are engaged by the rollers 10. 

According to a first embodiment of the invention, 
the wheel 12 has, from the opposite part to the toothing 
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11, a symmetrical toothing 11' that engages a series of 
rollers assembled on the disk support 9 1 symmetrical to 
the support 9 and assembled, by interposing bearings, on 
a length of the hollow shaft 5 f that has a slanted axis. 

The shaft 5 1 engages, through a toothing 18, a free 
wheel 19 that in turn is assembled on a box 20 secured to 
the hub 7. 

This latter one is assembled on the shafts 5 and 5 f 
by interposing bearings 21 that allow the hub to freely 
rotate with respect to the shafts. 

Like support 9, also support 9' is hinged to a ring 
15 1 in turn hinged, according to an axis that is 
orthogonal to the previous one, to a free-wheel device 
17', on the internal surface of the hub 7. 

In case of application of the device to 
motorvehicles, the connection between free wheel 19 and 
box 20 occurs by interposing one of more clucth disks 22. 

The operation is as follows. 

Motion from the chain is transmitted to the pinion 
6, that in turn rotate the hollow shaft 5. 

The consequent rotation of the length with slanted 
axis for this shaft imparts to the support 9 an orbital 
movement that takes in succession the rollers 10 to mesh 
with the teeth 11 of the wheel 12. 

The support 9 can also angularly rotate around axis 
A-A together with the hollow shaft 5 and these movements, 
orbital and angular ones, are independent and can be 
algebraically summed. 

In practice the support 9 can perform an angular 
movement around the axis A-A, in practice rotating around 
this axis and always engaging with the same roller the 
toothed wheel 12 that is thereby dragged rotating at the 
same speed of the shaft 5. 



WO 2004/055411 PCT/IT2003/000802 



The second movement is the orbital one, so that the 
support 9 assumes a different rotation speed with respect 
to the eccentric of the shaft 5 and therefore starts 
"orbiting" by sequentially meshing with the wheel 12, 
namely with one tooth after the other, like a traditional 
gear. 

In this case, with an orbital movement of the 
support 9, the wheel 12 is rotated with a reduced angular 
speed with respect to the angular speed of the hollow 
shaft 5, with a reduction ratio that changes depending on 
the ratio between number of support rollers and number of 
teeth 11, in addition to the axial position of the 
support 5, by changing which it is possible to change the 
lever arm length with which the rollers 10 go and mesh 
the rollers 10 of the toothed wheel 12, thereby changing 
the reduction ratio. 

At the beginning of operation, the hub 7 is still 
and prevents the rings 17 and 15 from rotating, so that 
the support 9 can only perform an orbital movement, 
rotating the wheel 12 with a certain reduction ratio. 

From the opposite part, the teeth 11' mesh with the 
rollers 10' of the support 9'. The free wheel 17' 
prevents the assembly from rotating backwards, so that 
the support 9' is forced to perform an orbital movement 
that moves it forward. 

This movement is transformed into a rotation ' of : the 
eccentric 5' that can be exploited in order to rotate, 
through the free wheel 19, the box 20 and with this the 
hub '7 integral therewith. 

As soon as the hub starts rotating through the ' free 
wheel' 17, it transmits the angular motion to the ring 15 
and from here to the support 9 of the rollers 10, which 
starts rotating around axis A-A, with a rotation motion 
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that is summed to the orbital motion and that is 
transmitted to the wheel 12, 

Now, the central wheel 12, with toothings 11 and 
ll 1 / is rotated with two types of meshing, orbital and 
angular ones, as well as the support 9 f . 

The angular movement is automatically limited by the 
number of hub revolutions. 

If necessary, like in case of use on a motbrvehicle, 
clutch disks 22 can be used for disengaging the device 
whtn the vehicle is still, thereby obtaining a 
transmission device with a ratio that changes 
continuously and within a very wide range, with compact 
sizes and adapted for numerous applications, among which 
vehicles and velocipedes. 

In compliance with a second preferred embodiment of 
the invention, the transmission device can have a 
simplified configuration that can be seen in Figure 2, 
that is lacking the second toothing 11 f , in addition to 
the second support 9 1 and the kinematisms downstream of 
this one. ■ \ •■ . 

tri this embodiment, particularly ' suitable''' ■ fbr 
bicycles, the central wheel 12 is directly' connected to 
thS hub 7, that is dragged moving at the beginning only 
due to the orbital motion of the support 9, to which it 
is overlapped and then, little by little, is replaced by 
the angular motion. ' ; '' i 

A skilled person in the art will then be' : 'able to 
provide numerous modifications and variations, that will 
however have to be deemed all included within the scope 
of the present invention as claimed in the following 
Claims . 




WO 2004/055411 



PCT7IT2003/000802 



CLAIMS 



1. Variable-ratio transmission device characterised in 
that it provides at least one support (9) for a circular 
series of rollers (10), said support being assembled idle 
on a shaft (5) with slanted axis connected to motor means 
(6), a rotation of said shaft (5) with slanted axis 
making said support (9) perform an orbital movement that 
takes it to engage a toothed wheel (12) with front 
toothing (11) , said toothed wheel (12) with front 
toothing (11) being connected to a user, and means (2, 3) 
being provided adapted to axially slide said at least one 
support (9), in order to change a reduction ratio. 

2. Variable-ratio transmission device according' 1 to' : ciaim 
1, characterised in that said toothed wheel '( 12 ) ' with 
front toothing ' (11) has, on an opposite part ' to said 
toothing " (11) , a second series of teeth or rollers (ll f ) 
that engage a series of rollers or respectively teeth 
assembled on a support (9 ! ) connected to a user, meahs 
'(2, 3) being provided adapted to axially slide one or 
both of said' supports (9, 9') in order to change ' a 
reduction ratio. 

3. Variable-ratio transmission device characterised' iti 
that it comprises : 

• a support shaft (1) ; 

• an hollow shaft (5) rotatingly assembled .onto said 
, support shaft (1) ; 

• a support (9) assembled onto said hollow .shaft (5) 
in a rotating way with* respect to said hollow shaft 
(5) around a slanted axis with respect to an axis of 
said support shaft (1) ; 

• a plurality of rollers or teeth (10) arranged in a 
circular series on said support (9); 
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• a wheel assembled idle onto said support shaft (1), 
equipped with a front toothing (11) adapted to be 
engaged by said rollers or teeth (10) assembled on 
said support (9) ; 

• a rotation of said hollow shaft (5) subjecting said 
support (9) to an orbital movement adapted to take 
said teeth or rollers (10) of said support (9) to 
engage said toothing (11) of said idle wheel (12); 

• means adapted to establish a connection between said 
wheel (12) and a user to which motion is 
transmitted, characterised in that it provides means 
adapted to axially slide said support (9) or said 
wheel (12) with respect to said support shaft (1) . 

4. Transmission device according to claim 3, 
characterised in that it provides on said ' toothed' wheel 
(12), from an opposite part to said front toothing' (11), 
a further front' toothing (11 • ) that engages the rollers 
of a second support (9') assembled with its axis' slanted 
on an hollow shaft (5') that is also assembled onto 1 said 
shaft (i), said second hollow shaft (5 1 ) being connected 
to a user such as an hub of a velocipede. 

5. Transmission device according to claim 4, 
characterised in that said second hollow shaft (5) is 
connected through a free wheel to an hub box. 

6. Transmission device according to claim 5, 
characterised in that it provides, on an internal part of 
the hub, a pair of free wheels (17, 17') to which a pair 
of rings (15, 15') are respectively hinged, in turn 
respectively hinged to the supports (9, 9') so that said 
rings (15, 15') can rotate with respect to said free 
wheels (17, 17') around a first axis and with respect to 
said supports (9, 9') around a second axis that is 
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orthogonal with the first axis. 

7. Transmission device according to claim 6, 
characterised in that said hollow shafts (5, 5') are 
rotatingly assembled on a grooved hollow shaft (2), in 
turn only slidingly assembled onto said support shaft 
(1) . 

8. Transmission device according to any one of claims 2 
to 7, characterised in that it provides said wheel (12) 
with double front toothing assembled on a central ring- 
shaped support (14), in turn' assembled onto a support 
that is integral with the wheel hub. 
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